At laser intensities below ablation, carbonated hydroxyapatite in enamel is converted into a purer phase hydroxyapatite with increased acid resistance. Previous studies suggested the possibility of achieving the conversion without surface modification. This study attempts to evaluate the thresholds for the modification without additional changes in physical and optical properties of the enamel. Bovine specimens were irradiated using an RF-excited CO 2 laser operating at 9.4-µm with a pulse duration of 26-µs, pulse repetition rates of 100-1000 Hz, with a Gaussian spatial beam profile -1.4 mm in diameter. After laser treatment, the samples were subjected to acid demineralization for 48 hours to simulate acidic intraoral conditions of a caries attack. The resulting demineralization and erosion were assessed using polarization sensitive OCT (PS-OCT) and 3D digital microscopy. The images from digital microscopy demonstrated a clear delineation between laser protected zones without visual changes and zones with higher levels of demineralization and erosion. Distinct changes in the surface morphology were found within the laser treated area in accordance with the Gaussian spatial beam profile. There was significant protection from the laser in areas that were not visually altered.
INTRODUCTION
Previous studies indicated that CO 2 laser irradiation renders enamel more resistant to acid dissolution. At wavelengths between 9-11 µm where CO 2 lasers operate, enamel strongly absorbs laser energy resulting in the conversion of carbonated hydroxyapatite to a purer phase hydroxyapatite [1] [2] [3] [4] [5] . In this study, we test the hypothesis that caries inhibition can be imparted without changing the appearance of the enamel surface. Optical coherence tomography is capable of measuring dimensional changes nondestructively on tooth surfaces. It appears to be an ideal tool for monitoring tooth erosion, which is the removal and softening of tooth surfaces due to a variety of factors including subsurface demineralization [6] . Previous studies have also shown that polarization sensitive optical coherence tomography (PS-OCT) can nondestructively measure the severity of subsurface demineralization in enamel and dentin and is therefore well suited for this role [7] [8] [9] . Since OCT measures changes in the reflectivity of the enamel it is capable of measuring both changes in the enamel due to thermal modification by laser irradiation and changes in the reflectivity due to acid demineralization. In a previous study, we demonstrated that PS-OCT could be used to nondestructively assess caries inhibition after carbon dioxide laser irradiation and the application of topical fluoride [10] . PS-OCT was used to measure the integrated reflectivity of the lesion area and it was significantly lower in the laser and fluoride treated areas. We also found that the laser irradiation alone caused changes in the reflectivity of the enamel and caused an increase in the integrated reflectivity from those areas. This interfered with assessment of the enamel lesions but was not large enough to prevent resolution of differences between the treated and untreated groups. It appeared that at incident fluence below the melting threshold for enamel at the "wings" of the laser treated zones where there were minimal changes in enamel reflectance, the laser was still effective in inhibiting demineralization. The purpose of this study was to follow up on that prior study using a new RF-excited laser operating at 9.4-µm that is capable of generating short 26-µs laser does appear that the magnitude of the changes varies considerably across area 2, with the right side appearing darker. Depth convolution images are shown in Fig. 3 for a sample irradiated at 2.6 J/cm 2 with a 100 Hz repetition rate and a scanning speed of 2 mm/sec. The melted zone is more extensive for the higher fluence. After exposure to the demineralization solution the unprotected areas were eroded while the laser treated areas remained intact. In between the eroded area and the melted area there is a protected zone that remained intact. The integrated reflectivity is plotted for each position in Fig. 4 after laser irradiation and after exposure to the demineralization solution for the samples irradiated at 2.6 J/cm 2 with a 100 Hz repetition rate and a scanning speed of 2 mm/sec. In the top plot representing the reflectivity changes created by the laser, the reflectivity is significantly higher than the non-irradiated area out to 300-µm from the center. After exposure to the demineralization the laser irradiated zones out to 900-µm had a significantly lower reflectivity than the non-irradiated zone (1200-µm) indicating that the areas with minimal surface modification (600 & 900-µm) provided additional protection against acid dissolution. In summary, there was significant protection from the laser in areas that were not visually altered. By utilizing the laser beam intensity profile, we can determine the incident fluence necessary for protection while not markedly altering the surface reflectivity. Future studies will focus on providing uniform surface treatments without altering reflectivity using the thresholds identified in this study.
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